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Abstract: The ‘European Green Deal’ attributes a pivotal role to the decarbonisation of the EU energy 
system in order to reach climate objectives in 2030 and 2050. Photovoltaic energy (PV), among the 
plethora of renewable energies, can greatly contribute to EU energy system transition. 
A recent study carried out by the Joint Research Centre shows that, inter alia, the yield, quality and 
long-term performance of PV modules present an improvement potential, which could be tackled by 
means of regulatory instruments, such as the Ecodesign Directive and the Energy Labelling Regulation. 
In standardisation terms, the durability of a product, intended as an estimator of its technical lifetime, 
can be defined as the ‘ability to function as required, until a limiting state is reached’. The PV modules 
have a typical annual degradation rate of 0.8%-1%, which leads to 80% of the initial nameplate rating 
at 20-25 years. 
To ensure that PV products manufactured on a large scale are ‘fit for purpose’, factory quality controls 
appear to be an effective strategy: the stringent control of materials supplied and manufacturing 
processes lead to defect reduction and narrower efficiency tolerances. 
 
The aim of this paper is, therefore: 
 
a) to present the results of a techno-economic-environmental assessment, showing how to design 
solutions for PV products featuring 
a. an improved durability and quality, or 
b. an optimised energy yield over lifetime  
that are superior in terms of environmental impacts, without entailing excessive costs; 
 





The ‘European Green Deal’ sets the framework 
for a clean, resource-efficient, and innovative 
growth of Europe’s economy by 2050.  Its 
implementation is supported with a total budget 
of €1.8 trillion [2], of which 30% is explicitly 
dedicated to fighting climate change.  
 
In December 2020, Member States endorsed a 
new binding EU target for a net domestic 
reduction in greenhouse gas emissions of at 
least 55% by 2030, compared to the 1990 
levels [3]. The long-term objective for Europe is 
to achieve climate- neutrality by 2050.  
 
Decarbonisation of Europe’s energy system is 
pivotal to reaching climate objectives.  
Renewable energies will certainly play a central 
role in this transition. Back in 2018, the 
Renewable Energy Directive [4] established a 
binding renewable energy target for the EU for 
2030 of at least 32%. Within this framework, 
solar photovoltaics (PV) is expected to be 
among the critical contributors. 
 
Photovoltaics is considered a clean and 
sustainable source of energy. Compared to 
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fossil-fuel-based technologies, solar PV has a 
low global warming potential (GWP). For the 
most widespread technologies – that are based 
on crystalline silicon – the mean GWP is 
53 gCO2eq per kWh (see table 1). 
 
Table 1. Summary of GWP estimates for selected 




Natural gas 400-500 
Wind <20 
Solar PV: Crystalline silicon 53 
Solar PV: Thin film 21 
 
While the operation phase exhibits hardly any 
environmental impacts, the material extraction, 
manufacturing and end-of-life cannot be 
ignored. They consist of energy-intensive 
manufacturing processes and material 
extraction, the use of hazardous materials, 
water and land pollution, and others. As the 
latest JRC study shows [1], the negative 
environmental impacts can be substantially 
reduced with optimized design, use of novel 
materials, recycling, and others.  
 
Regulatory measures in the field of sustainable 
product policy could be instrumental in ensuring 
the environmental sustainability of PVs 
products. Two initiatives on the environmental 
impact of PV products for a regulatory 
framework under Ecodesign and Energy 
Labelling Directives have been officially 
announced, and the Commission is currently 
working on defining how the policy measures 
could look like and what would be their 
estimated impacts. 
 
While there is a complete list of proposed 
measures, the current work focuses only on 
potential new measures related to optimized 
lifetime, quality, and energy yield of 
photovoltaic modules under the Ecodesign 
Directive. The full list of measures for PV 
modules, inverters, and systems can be 
checked on the project website. 
 
Europe’s PV market: status quo 
In 2020, the annual installed solar PV capacity 
in EU-27 reached 18.2 GW, which marks an 
11% increase compared to the previous year. 
Despite the COVID-19 pandemic crisis, last 
year was the second-best ever (after 2011) in 
the EU solar history [5]. 
 
Members States declared in their Nation 
Energy and Climate Plans (NECP) expected 
solar PV growth at 19.8 GW/year in 2024. 
These marks a “low scenario” in Solar Power 
Europe projections (see figure 1). The experts 
agree that with current market trends, the 
NECP commitments may be exceeded and 




Figure 1. EU27 Annual PV capacity 2015-2020 [5] 
Note: The Low Scenario forecast is based on the assumption that policymakers 
halt solar support and other issues arise, including interest rate hikes and 
severe financial crisis situations. The Medium scenario anticipates the most 
likely development given the current state of play of the market. The High 
Scenario forecasts the best optimal case in which policy support, financial 
conditions, and other factors are enhanced. 
 
 
Figure 2. EU27 Cumulative PV capacity, 2020 [5] 
 
Europe has led the world’s PV development for 
almost a decade and until 2012 represented 
more than 70% of the global cumulative PV 
market. In 2018, the cumulative capacity 
decreased to 27.7% (with only 9% of an annual 
share of the global PV market) [6]. Germany 
remains the largest market in Europe, with over 
40% of the total EU27 installed capacity (See: 
figure 2). The other fastest-growing solar 
markets include Netherlands, Spain, Poland, 
and France [5]. 
 
Starting from 2007, the EU trade balance in the 
solar PV sector is negative [7]. While the 
majority of the PV inverters on the EU market 
are produced locally, the majority volume of PV 
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modules is imported [1]. In 2018, 73% of all PV 
modules produced globally came from China 
(see also Figure 3). 
 
 
Figure 3. Global PV module production, 2018 [6] 
 
Concerning already existing legislation at the 
EU level, there are a number of legal provisions 
applying to photovoltaic products, notably those 
stemming from, inter alia, the Waste Electrical 
Equipment (WEEE) Directive, the Low voltage 
electrical equipment in accordance with 
Directive 2014/35/EU and the Directive 
2011/65/EU on the restriction of the use of 
certain hazardous substances in electrical and 
electronic equipment [1]. 
 
The Ecodesign Directive 2009/125/EC requires 
all manufacturers placing products on the EU 
market to meet minimum energy efficiency 
requirements, as well as other mandatory 
environmental requirements. 
 
As the European Commission is investigating 
the scope of requirements on the environmental 
impacts of PV products placed on the EU 
market, the following key challenges have been 
identified:  
 
1) Not all products on the European market 
feature high quality and long-term 
energy performance. There is a lack of 
comparability and interoperability in the 
market 
a. There are no incentives for 
manufacturers to provide 
comparability and standardised 
information about their products. 
b. Lack of appropriated and 
standardised methods for 
quantifying the energy yield 
or long-term degradation. 
 
2) PV modules and inverters are designed 
in a way that is often difficult to repair 
and recycle. Lack of circular economy 
information and practices for these 
products. 
a. Insufficient economic incentives for 
companies to manufacture more 
circular and more sustainable 
products. 
b. insufficiently developed regulatory 
framework to promote repairability, 
recyclability and sustainability is 
still not developed for these 
products  
Proposed regulatory approach 
In 2017-2019, Joint Research Centre carried 
out a comprehensive analysis [1] that resulted 
in the policy recommendation towards new 
regulatory instruments, such as the Ecodesign 
Directive and the Energy Labelling Regulation. 
The Commission is currently working on the 
policy measures and their impact assessment. 
The draft proposal [9] considers a wide range of 
aspects of product policies ranging from 
improved quality to circularity and carbon 
footprint (see table 2). 
Table 2. Proposed scope for the new regulatory 








Efficiency ü  ü   
Durability ü  ü   
Long-term degradation ü    
Reparability ü    
Recyclability ü    
Smart readiness  ü   
Carbon footprint ü  ü   
Energy Labelling requirements 
Energy index ü   ü  
In the following sections, the authors focus on 
the measures proposed to improve efficiency, 
durability and long-term degradation of 
photovoltaic modules entering the EU market 
under the Ecodesign framework. 
Requirement on electricity yield 
 
The energy yield (expressed in kWh/kWp) 
indicates the electrical power output delivered 
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by a PV module under specific irradiance and 
temperature conditions. Increased electricity 
generation is a determinant in reducing the life 
cycle primary energy per kWh generated [1]. 
 
The proposed measure considers a declaration 
(information requirement) or threshold 
(quantitative requirement) for the energy yield 
calculated according to EN IEC 61853 and with  
reference to the three reference climatic zones 
(i.e., subtropical arid, temperate coastal, and 
temperature continental).  
 
The PV module performance characteristics 
are not yet widely and homogeneously declared 
by manufacturers. It does provide helpful 
information, from the consumer/installer point of 
view, on a spectral response and the potential 
loss of performance at high temperatures or 
under low light conditions.  
 
The requirement on energy yield could be 
reinforced through the energy labelling 
regulation. In the proposed energy label for PV 
modules, the Efficiency Index is to be 
calculated as a ratio of energy yield and PV 
module area. Figure 4 presented the suggested 
values for different energy classes [9]. 
 
 
Figure 4. Draft proposed values of the energy 
efficiency index for the energy label of PV 
modules [9] 
 
Requirement on durability 
The rationale for the durability requirement is to 
ensure that PV modules are capable of 
withstanding prolonged exposure to open-air 
climates. Given that PV modules have a 
designed technical lifetime of around 30 years 
and are installed outside, they have to endure 
environmental stressors (e.g., damp heat, hail) 
that could lead to product failure or decreased 
performance. 
 
This Ecodesign requirement would therefore 
introduce a set of tests for PV modules 
according to the EN IEC 61215 series of 
standards that confirm their durability, intended 
as the ability of the PV module to withstand 
prolonged exposure in open-air climates. 
Although these tests can be relatively 
expensive and time-consuming, major 
manufacturers already consider them a market-
entry requirement. In addition, all the feed-in 
tariff schemes that were investigated in the JRC 
study [1] requests compliance to the EN 
IEC 61215 series of standards for residential 
contracts. 
 
As it would not be feasible to subject every 
individual module to all tests, they would apply 
per product model. Because of this, and 
because of the complex nature of the PV 
production process, managing the production 
process‘s quality is paramount to ensure the 
durability of all individual modules placed on 
the market. It is the manufacturer’s 
responsibility to ensure and declare that all the 
individual units of relevant models placed on 
the market comply with the requirements. 
Therefore the proposal would also require 
manufactures to complete a conformity 
assessment procedure based on IEC TS 62914 
and entail creating and maintaining a third-party 
verified quality assurance system. It should be 
noted that this kind of conformity assessment 
procedure was never enacted so far within 
Ecodesign implementing measures. Therefore, 
detailed legal checks are ongoing to confirm the 
feasibility of the proposal. 
 
Table 3 List of durability tests with a reference to 
EN IEC 61215 series of standards [9] 
Test Name Reference to other 
standards * 
Visual inspection - 
Maximum power 
determination 
EN 60904; EN 
60891 








Performance at STC and 
NMOT 
EN 60904; EN 
60891 
Performance at low 
irradiance 
EN 60904; EN 
60891 
Outdoor exposure test EN 61853-2 
Hot-spot endurance test - 
UV preconditioning test - 
Thermal cycling test - 
Humidity-freeze test - 
Damp heat test EN 60068-2-78 
Robustness of terminations EN 60068-2-21; EN 
62790 
Wet leakage current test - 
Static mechanical load test - 
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Hail test - 
Bypass diode testing - 
Stabilisation - 
 
Requirement on long-term performance 
degradation 
Long-term performance degradation of 
modules can have a significant impact on 
lifetime electricity generation. For example, the 
PV modules have a typical annual degradation 
rate of 0.8%-1%, which leads to 80% of the 
initial nameplate rating at 20-25 years. 
 
The claims made by manufacturers for their 
products’ degradation rate or the power 
guarantee currently do not have a standardised 
basis, and they are not usually backed up by an 
explanation of the method by which they have 
been derived [1]. 
 
The proposed Ecodesign requirement on long-
term performance degradation requires 
manufacturers to declare the average linear 
degradation rate expected over a notional 
service lifetime of 30 years. The data should 
cover at least five consecutive years and all the 
climate profiles that are considered in the 
calculation of the annual energy yield of PV 
modules. Besides, the data shall be collected 
from at least two separate geographic locations 
in each climatic zone. It should contain open 
rack ground-mounted, roof-mounted, and 
building added (at least three of the four options 
must be included).  
 
In lack of this field-gathered information, the 
manufacturer will need to declare default 
degradation values for the energy labelling 
calculations, which will represent conservative 
values regarding degradation. 
 
Expected impacts 
The regulatory framework takes into 
consideration specific impacts on: 1) the 
manufacturers placing their products on the EU 
market, 2) consumers, including individual 
consumers, retails and installers, and 3) on the 
environment. 
 
A lack of a regulatory framework to improve the 
quality, durability, and lifetime of PV products 
already has a number of consequences (table 
4).  
 
Table 4. Consequences resulting from the lack of 
regulatory measures for PV products (examples) 
 Identified consequences  
Market - Manufacturers do not ensure 
comparability between claims relating 
products performance nor have 
incentives to improve the products 
degradation. 
- Risks of financial loss due to a low 
quality and excessive degradation of 




- Lack of understanding to the 
module/installation yield  and  
performance characteristics; 
Lack of trust in system’s and 
product’s performance information   
Environment  
 
- Energy loss due to mismatch 
between the generated energy and 
loads (grid, building)    
- Non-realised reduction of negative 




The increased efficiency of the PV products is 
already observed on the global market. 
Between 2000-2014 the average efficiency of 
PV modules rose from ca. 11% to 16% for the 
most popular silicon-based modules and even 
more rapidly for younger technologies (i.e., 
CdTe, CuGS) [10].  
 
The proposed regulatory framework is 
expected to drive the overall product efficiency 
up. It is estimated that “factory quality 
improvements” will increase the quality and 
rating of the modules by between 1-7% [1]. 
 
Direct consequences of product performance 
improvements are an increase in electrical 
output per unit surface and consequently 
decreased life cycle impacts per kWh 
generated.  
 
The transparent information on the PV 
modules’ energy yield and performance 
characteristics is expected to help consumers 
choose among more efficient design offers in 
the market and have further information from 
system providers regarding the expected 
electricity generation.  
 
Negative impacts 
As for the negative impacts on the 
manufacturers, there would be compliance 
costs related to the new requirements, 
especially regarding durability tests. The 
indicative cost for the full test sequence, as 
foreseen in IEC 61215, is in the order of (at 
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least) 30000-35000Euro. These tests, however, 
are already considered as a market-entry 
requirement. These effects will be further 
investigated in the scope project.   
 
Conclusions 
Following the most conservative projections, 
the cumulative capacity of solar PV in EU27 will 
reach 336 GW by 2030. In experts’ view, the 
realistic number is 588 GW [5]. 
 
With an average lifetime of 25-30 years of PV 
systems, all new installations today will still be 
in operation in 2050, the year where the 
European Union aims to reach its carbon 
neutrality. 
 
Solar PV is and will continue to be the most 
rapidly expanding electricity source in the 
world. This growth is accompanied by rapid 
changes in manufacturing, performance, and 
application.  
 
The new regulatory framework under 
preparation– notably proposed measures under 
Ecodesign and Energy Labelling - will foster PV 
product design towards better quality, 
performance, circularity, and smart readiness. 
Information requirements and factory tests will 
act as uniform criteria for products entering the 
EU market, and prevent the entrance of 
products of low quality and performance. 
Finally, transparency and better comparability 
will enable consumers, installers, and retailers 
to make informed purchase decisions to foster 
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